Advancing of micro-milling process via ultrasonic vibration assist has been proven able to improve machining characteristics such as surface roughness quality and dimension accuracy. The improvement is due to the cutting motion of Vibration Assisted Machining (VAM) process. Thus, for every vibration motion manner, the cutting characteristic of the VAM system will be difference from one to another. This paper presents the development approach of ultrasonic vibration assisted micro-milling (UVAM) using tilted 45° XY stage. It covers theoretical perspective and the influence of Minimum Quantity Lubrication (MQL) system as cutting fluid. It will emphasize on the theory of surface roughness, dimension tolerance and cutting tool life. Piezo-actuator is used as fast servo vibration mechanism in specific axis input with controlled signal. The input signal is sine wave with controllable frequency and amplitude to allow mechanism control algorithms to be develop during the process. In addition, the effect of cutting fluid was be analyzed to understand the potential capabilities of this aid on UVAM process.
Introduction
Ultrasonic vibration assisted micro-milling (UVAM) is an advanced machining process by imposing vibration into the machining process. It is a part of vibration assisted machining process. UVAM can be divided into several class depend on the vibration axis, either in single axis or compound axis and vibration input. The vibration can be imposed on the cutting tool or on the work piece using UVAM worktable.
UVAM is consider as an effective method for machining hard and brittle material but had huge downfall in machining temperature. Ultrasonic milling will produce higher machining temperature compare to conventional milling process due to the increase on rubbing motion during the vibration [1] .However, the vibration assist reduce the cutting force because stress release during gaping period. In cutting performance, ultrasonic vibration able to improve the quality of surface roughness by reduce surface roughness value. The surface roughness reduce linearly by increases of vibration amplitude [2] . The improvement is cause by the unique cutting motion of the system. Therefore, in order to develop a new design of UVAM worktable, a scientific theoretical support is important to predict the process output with high accuracy. It help to improve the understanding the nature of the UVAM mechanism.
Theoretical modeling
This part content detail on the modelling of UVAM process outcomes, i.e. the surface roughness generated and tool wear. The first steps in developing the models taking account of the vibration as shown in Fig. 1 . The vibration amplitude, ∆W will determine the dispalcement of the cutting tolerance dispalcement and the vibration wave length, will determine the frequency of the vibration. 
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(ii) Surface finish By assuming the process in ideal condition. The cutting pattern will fully obey the motion of the cutting tool. Thus, the surface roughness, R a will be directly corresponding to cutting pattern:
In this equation, the sign + is for up milling and sign -for down milling.
By combining the vibrations as shown in Figure 3 .
Where n is the number of points each position of vibration signal.
(iii) Tool wear Tool wear occur when the cutting tool lose it original shape during cutting process. Feed rate and cutting speed in 2D vibration machining obviously influenced tool wear. As shown in equation below [3] . 
Where v is cutting speed, T is cutting tool life and K is cutting tool constant. The present of vibration during cutting process lead to the release cutting stress during the negative amplitude of displacement, thus it will reduce the cutting force. However, due to ultrasonic motion of the cutting tool with the work piece, cutting temperature will become higher compare to conventional cutting process due to the friction [8] . This may lead to two possibility. First, if the cutting temperature lower than melting point, it will improve the surface roughness quality. Second, if the temperature near to melting point, it will reduce the surface roughness quality and increase the cutting force due to excessive plastic deformation occur during cutting process.
Experiment Setup
The experiment has been setup with following parameter below. Figure 4 , signal generator is used to produce input signal to piezo-actuator. This signal is monitor by using oscilloscope. The input wave then will be transform into vibration by the piezoactuator and transmit it to the work piece by UVAM worktable. For lubrication system, Minimum Quantity Lubrication (MQL) system had used with synthetic ester as the lubrication oil. MQL
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system is a lubrication system that minimize the usage of lubrication. The lubricant is spray into mist with high pressure air toward cutting tool tip during the cutting process. It help to improve surface roughness quality and cutting tool life by reduce the friction between the cutting tool and workpiece and reduce the cutting temperature. This happened due to cutting fluid slip between work piece surface and cutting tool surface. The MQL set to 0.2 MPa spray pressure and 4 times nozzle turns. All cutting parameter is shown in Table 1 From Figure 5 , under low frequency region, as frequency increase the surface roughness quality of the work piece will increase. This happen due to the frequency of gapping motion increase. However as the vibration enter ultrasonic region, the surface roughness will reduce. At this region, the friction due to the motion of cutting tool will increase the cutting temperature up to entering the melting zone. It will reduce the cutting effectiveness. By increasing the vibration amplitude, the surface roughness of the work piece will slightly increase because it will increase the releasing gap between cutting tool and work piece. By reducing the stress build up during the cutting process, it will improve the cutting deformation like reducing the build-up edge (BUE) problem on the cutting tool surface. The result also shown that MQL helps to slightly improve the surface roughness. Cutting fluid will reduce the cutting temperature and friction by slipping between the cutting tool and work piece surface. Significant improvement can be observe after using cutting fluid on UVAM process. The flank wear rate in dry cutting is 0.003 µm/s while semi-wet cutting is 0.0007 µm/s. It help to reduce the flank wear rate up to 4.28 times. This improvement is cause by the MQL system help to reduce the cutting temperature as well as reduce the friction between cutting tool surface with work piece surface. Thus, it help to prolong cutting tool life during UVAM process. From the tool wear equation, it only relate the cutting speed and feed rate. However from the result, MQL help to reduce the tool wear without changing the cutting speed and feed rate. Thus it prove that other factors like cutting temperature and cutting force should be consider in predicting the cutting tool life.
Cutting Tool Wear

Summary
From the experiment result we understand that vibration contribute difference result in difference frequency region. Machining performance is increase at low frequency vibration assist and reduce as the vibration enter the ultrasonic region. MQL slightly improve the machining performance and greatly improve the cutting tool life. It is recommended for future research been conduct to understand the relation between cutting temperature, cutting force on UVAM performance. It will helps to formulate an accurate cutting tool wear formula.
